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(71) We, ENGLISH CLAYS 
LOVERING POCHIN & COMPANY 
LIMITED, a British Company, of John Keay 
House, Sl Austell, Cornwall, do hereby 
S declare the invention, for which we pray that 
a patent may be granted to us, and the method 
by which it is to be performed, to be particu- 
larly described in and by the following state- 
ment: — 

10 This invention relates to the conuoinution of 
solid materials and, more particularly, is con- 
cerned with an apparatus and a process for 
the atrriticra-grinding of particulate solids. 
The comminution of particulate solids by 

15 attrition-grinding has been well known since 
about 1948 and essentially comprises the agi- 
tation of a mixture comprising a slurry of the 
particulate solid to be comminuted and a 
granular grinding medium. This method of 

20 comminuting solids is generally used when it is 
desired to reduce a particulate solid to particles 
of very small size, for example to particles sub- 
stantially all of which are smaller than 53 
microns (i.e. they will pass through a No. 300 

25 mesh B.S. sieve). 

Several designs of attrition-grinding mill 
for carrying out an attrition-grinding process 
have been suggested, but at the present time 
the attrition-grinding mills used on a com- 

30 merdal scale are generally constructed so that 
a feed slurry of the particulate solid to be com- 
minuted can be fed as a continuous stream 
to the mill at the bottom of an upright 
grinding chamber and the ground product 

35 slurry can overflow continuously through a 
sieve at the top of the grinding chamber, the 
sieve having apertures of a size such that the 
granular grinding medium is re taine d in the 
grinding chamber. It may be noted here that 

40 the particulate solid in the feed, slurry will 
consist predominantly of particles substan- 
tially smaller than the apertures in the sieve, 
and that the purpose of the sieve is to retain 
the grinding medium in the grinding chamber 

45 and not to determine the particle size of the 
solids in the ground product slurry. 
When the product is to be transported as a 
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slurry it is desirable to work with the feed 
slurry at as high a solids content as possible, 
but it is found that if a feed slurry of high 50 
solids content is subjected to prolonged grind- 
ing in an attrition-grinding mill constructed as 
described above, considerable heat is generated 
and the sieve tends to become blinded through 
the evaporation of the liquid of the slurry and 55 
the deposition of solids in the apertures of the 
sieve. It is also found mat there is a tendency 
for the concentration of the granular grinding 
medium to be highest in the upper part of 
the grinding chamber which means that the 60 
ratio of granular grinding medium to feed 
slurry varies over the height of the grinding 
chamber; this may be disadvantageous in 
some types of attrition-grinding mill. A further 
disadvantage is that with an attrition-grinding 65 
mill in which the ground product slurry con- 
tinuously leaves the grinding chamber there is 
a tendency for the flow of ground product 
slurry through the sieve to decrease steadily as 
the grinding process proceeds since the slurry 70 
carries particles of the granular grinding 
medium with it and causes them to lodge in 
the apertures of the sieve thus restricting the 
flow. Since the ratio of granular grinding 
medium to slurry is important in determining 75 
the optimum grinding efficiency, any variation 
in the flow of ground product slurry from the 
grinding chamber, without a corresponding 
change in the flow of feed slurry to the grind- 
ing chamber, may eventually have an adverse 80 
effect on the efficiency of the process. 

According to one aspect of the invention 
there is provided an apparatus for use in com- 
minuting particulate solids which apparatus 
comprises (a) an attrition-grinding mill in- 85 
eluding a grinding chamber provided with an 
internal, rotatable impeller for agitating the 
contents of the grinding chamber, a motor for 
driving the impeller, inlet means enabling a 
feed slurry of particulate solids to be com mi- 90 
nuted to be introduced into the grinding 
chamber, and outlet means including a sieve 
for allowing therethrough ground product 
slurry whilst retaining the granular grinding 
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medium within the grmding chamber, the 
sieve being disposed at a position such that, 
when the apparatus is in use, die sieve is below 
the surface of a mixture of granular grinding 
5 medium and slurry in the grinding chamber, 
(b) first control means associated with the 
inlet T"fg>r»9 and/or with the outlet means of 
said attrition-grinding mill for controlling the 
relative volume flow rates of said feed slurry 

10 and said ground product slurry, and (c) 
second control means associated with die out- 
let means of said attrition-grinding mill and 
responsive to changes in the volume ratio of 
granular grinding m edium to shiny in the 

15 grmding diamber far stopping or starting the 
flow of ground product slurry through said 
outlet means* 

According to another aspect of the present 
invention there is provided a process for com- 

20 minuting solid particles which process com- 
prises the steps of (a) charging to a grinding 
chamber of an attrition-grinding mill a quan- 
tity of a grfl flttiftr grinding medium and a quan- 
tity of a feed slurry of a particulate solid to be 

25 comminuted to form a mixture, the quantities 
of granular grinding medium and feed slurry 
being such that die volume ratio of granular 
grinding fngdft im to slurry in the grinding 
chamber is in the range 05:1 to 1-5:1, 

30 (b) agitating the mixture of feed slurry 
and granular grinding m edi u m , ( c) ad- 
mitting further quantities of feed slurry 
to the grinding chamber whilst with- 
drawing ground product shirty from the 

35 grinding chamber through a sieve provided 
therein below the surface of said mixture, the 
relative volume flow rates of feed slurry and 
ground product slurry being controlled so that 
the volume ratio of granular grinding medfnm 

40 to slurry in the grinding chamber increases, 
and (d) interrupting the withdrawal of ground 
product slurry from the grinding chamber when 
said volume ratio exceeds a first predetermined 
value and restarting tfae withdrawal of ground 

45 product slurry when said volume ratio has 
fallen to a second predetermined value. 

By withdrawing the ground product slurry 
intermittently (whilst continuing to introduce 
the feed slurry), there occur periods during 

50 which there is no flow through the sieve which, 
being below the surface of the mixture in the 
grinding chamber, is thereby cleaned by die 
mftrfrgni>fl! action of the mixture in the grind- 
ing chamber. During the period when the 

55 ground product slurry is being withdrawn 
from die grinding chamber it is withdrawn at 
a fester rate than the feed slurry is being intro- 
duced to the grinding chamber so that the 
total volume of material in the grinding charrt- 

60 ber decreases and the volume ratio of granular 
grinding medium to slurry increases. During 
this step, the rate of withdrawal of ground 
product slurry is preferably about twice the 
rate of introduction of feed slurry into the 

65 grinding chamber. However, when the with- 



drawal of the ground product slurry is inter- 
rupted the total volume of material in the 
grinding chamber increases and the volume 
ratio of granular grinding medium to slurry 
decreases. 70 

The change in the volume ratio of granular 
grmding medium to slurry affects the viscosity 
of the mixture in the grinding chamber and 
thus enables the volume ratio of the granular 
grinding medium to slurry to be monitored so 75 
that die withdrawal of the ground product 
slurry can be interrupted and restarted when 
the volume ratio of granular grinding medium 
to slurry rises and falls, respectively, to pre- 
determined levels. 80 

The granular grinding medium is selected 
according to the nature of the particulate solid 
to be comminuted, but can be defined as a 
granular solid material consisting of granules 
larger than die apertures in the sieve. In gen- 85 
ersX it has been found that good results can 
be achieved if the mean size of die granules 
of the granular grindin g medium is in die 
range of from 8 to 12, preferably about ten, 
times the mean size of the particles of die 90 
particulate solid to be comminuted Con- 
veniently, the granular grinding medium con- 
sists of granules having diameters in die 
range 0.15 mm to 20.0 mm, preferably in the 
range 0 5 mm to 2.0 mm. lite granular grind- "5 
ing medium can be made of a mineral, 
ceramic, metallic or plastics material and 
whilst usually of a different material from 
that of the particular solid material to be 
comminuted it may be of the same material 100 
Silica sand consisting of granules of sub- 
stantially spherical shape has been found to 
be convenient since it is readily obtainable and 
relatively cheap. Preferably, the volume ratio 
of granular grinding medium to feed slurry in 105 
step (a) of the process of the invention is such 
that the ratio of the volumes thereof is in the 
range 0.9:1 to 1.1:1. 

The sieve in the grinding chamber is con- • 
veniendy selected so that the apertures there- 1 
in are not larger than half the size of the 
smallest particles in the granular grinding 
medium at the start of the process. For 
example, if the granular grinding medium 
initially consists of paxtides ranging in size 115 
from i inch to § inch, the aperture size of the 
sieve will not be greater than $ inch. 

The grinding diamber of the attrition- 
grinding mill preferably has the shape of a 
cylinder or a right prism which, for example, 120 
may have a polygonal cross-section; such a 
grinding chamber is preferably arranged up- 
right, i.e. with its axis vertical or substantially 
vertical. The inner walls of die grinding cham- 
ber are preferably coated with a resilient 
material which may conveniently be a natural 
or synthetic rubber, for example a polyure- 
thane elastomer. The grinding chamber is pre* 
ferably provided with baffles to inhibit the 
formation of a vortex. The baffles are con- 130 
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veniently disposed so that they are symmetrical 
about a diameter of the cross section of the 
grinding chamber. 
The internal rotatable impeller preferably 

5 comprises a shaft which advantageously is 
arranged with its axis parallel to that of the 
grinding chamber and to which there are 
secured at the lower end, so as to extend out- 
wardly from the axis of the shaft, from 2 to 16 

10 bars. The bars of the impeller are advan- 
tageously surface hardrnrd, for example by 
forming on their surface a layer of tungsten 
carbide; alternatively, they are advantageously 
encased in sleeves of a natural or synthetic rub- 

15 ber. Preferably, the bars of the impeller are 
screwed into tapped sockets in the lower part 
of the shaft so that they may readily be re- 
moved and replaced. In operation, such an im- 



peller is preferably rotated so that the peri- 
pheral speed of the bars is in the range of from 20 
4 to 20 metres per second. In a preferred em- 
bodiment of the invention the sieve of the out- 
let means is disposed opposite the tip of die 
impeller bars and the latter are preferably con- 
structed so that the distance between the tips 25 
of the impeller bars and the sieve is in die 
range 40 to 400 mm. 

Tests were conducted on three different 
attrition-grinding mills constructed in accord- 
ance with this invention to determine the 30 
optimum distance between the tips of the im- 
peller bars and the sieve so that adequate 
washing of the sieve occurred during the period 
when there was no flow through the sieve. The 
results obtained are given in Table 1 below: 35 



TABLE 1 



Rotational 
speed of 
impeller 
(r.p.m.) 


Diameter of 
impeller 
On.) 


Peripheral 

speed 
(m.sec. - " 1 ) 


Distance between 
blade tips and 
sieve 
(mm.) 


120 


1.26 


10.2 


114 


150 


1.422 


11.2 


203 


175 


1.117 


10.2 


356 



When die grinding chamber is provided 
with baffles and, together with the impeller, is 
disposed upright with the shaft of the im- 

40 pellet being provided with a number of bars at 
the lower end thereof, the baffles will be dis- 
posed in that part of the grinding chamber 
above the impeller bars. Wear on the baffles 
and impeller bars may be equalized by dis- 

45 posing the baffles so that they are symmetrical 
about a diameter of die cross-section of the 
grinding chamber and by reversing the direc- 
tion of rotation of the impeller at intervals. 
The motor employed to drive the impeller 

50 is preferably an electric motor. 

The inlet means of the attrition-grinding 
mill is advantageously constructed so that the 
feed slurry is supplied through a valve from a 
tank in which there is maintained a con- 

55 stant hydrostatic head of the slurry. With such 
an arrangement the volume flow rate of feed 
slurry can be readily maintained constant. 

The outlet means of the attrition-grinding 
mill is preferably disposed at the lower part of 

60 the grinding chamber, most preferably in a 
side wall thereof. The sieve included in the 
outlet means is conveniently of the wedge wire 
type, the wires being provided with pro- 
tuberances at intervals of from 15 to 40 mm. 



to prevent adjacent wires from being forced 
apart by coarse solid particles. 

The first control means associated with the 
inlet means and/or the outlet means of the 
attrition-grinding mill can take the form of 
valves provided in inlet and outlet conduits. 

The second control means associated with 
the outlet means of the attrition-grinding null 
and responsive to changes in the volume ratio 
of granular grinding medium to slurry in the 
grinding chamber can comprise an on/off 
valve associated with the outlet means, sensing 
means for sensing a change in the volume 
ratio of granular grinding medium to slurry in 
the grinding chamber and producing a signal 
which is a function of said change, and actuat- 
ing means responsive to said signal for operat- 
ing said on/off valve. Advantageously, the 
sensing means is adapted to sense the change 
in die volume ratio of granular grinding 
medium to slurry in the grinding chamber in- 
directly. Thus, for example, it may sense the 
load on an electric motor driving the impeller 
since a change in the volume ratio of the 
granular grinding medium to slurry produces 
a corresponding change in the viscosity of the 
mixture in the grinding chamber which in turn 
will produce a corresponding change in the 
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load on an electric motor driving the impeller. 
The load on the electric motor can be moni- 
tored by sensing means which sense the current 
supplied to the motor and produce a signal 
5 proportional to that current. 

For a better understanding of the invention 
and to show how the same may be carried into 
effect reference will now be made, by way of 
example, to the accompanying drawings in 
10 which: — 

Figure 1 shows lie general arrangement of 
one embodiment of an apparatus of the inven- 



Figure 2 is an elevation of the attrition- 
15 grinding mill of the apparatus shown in Figure 
1; 

Figure 3 is a plan view of the attrition- 
grinding mill shown in Figure 2; 

Figure 4 is a vertical sectional view on 
20 lines IV—IV of Figure 3; 

Figure 5 is a sectional detail on line V— V 
of Figure 4; 

Figure 6 is a sectional detail on line VI — 
VI of Figure 4; and 
25 Figures 7 and 8 are diagrams showing the 
control means of die apparatus shown in 
Figure L 

The apparatus comprises an attrition- 
grinding mill having a grinding chamber 1 of 

30 octagonal cross-section which is constructed 
from flat plates 2 (Figure 3) boiled together 
at their edges. Each flat plate 2 comprises a 
layer of sheet steel 3 to which is bonded a 
composite member 4 comprising a layer of 

35 rubber bonded to a thin steel plate (Figures 5 
and 6). At each comer there is provided a 
gusset 5 which comprises a 135° steel angle* 
bracket 6 bonded to a rubber block 7. The 
gussets 5 serve to retain the composite mem- 

40 hers 4 in contact with the steel plates 3. In 
the upper part of the vessel 1 each rubber 
block is extended to form a baffle 8 (Figures 
4 and 5). 

A rectangular opening 9 is provided in one 

45 of the fiat plates 2 and a steel box 10 with a 
removable front cover 11 surrounds the open- 
ing. In the opening 9 there is placed a sieve 12 
comprising horizontal bars of wedge-shaped 
wire which are provided with, protuberances 

50 at intervals of 35 mm to prevent two adjacent 
bars from being forced apart by a large par- 
tide. The sieve is mounted in a frame 13 
which is clamped in place by screws 14. The 
steel box 10 should preferably be of small 

55 volume compared with the volume of the 
grinding chamber since when the outlet 15 
from the steel box 10 is open the box 10 is only 
partially filled with ground product slurry, 
and when the outlet 15 is closed by means of 

60 valve 34 the ground product slurry will con- 
tinue to flow through the screen 12 until the 
box 10 is full with the result that the ratio 
of granular grinding medium to slurry in the 
gri n ding chamber, and thus the load on the 

65 electric motor driving the impeller, will con- 



tinue to rise. The steel box 10 is provided with 
an outlet 15 at its lowest point to permit the 
removal of screened, ground product slurry. 
The outlet 15 from the box 10 is connected 
to a conduit 31 through which the sieved 70 
ground product slurry flows to a product sump 
32. The flow of product is controlled by a 
manual valve 33 and a pneumatically-operated 
on/oh! valve 34. An impeller 16 comprises a 
vertical shaft 17 and twelve round, horizon- 75 
tally-disposed bars 18 the surfaces of which 
are hardened by means of heat-applied tung- 
sten carbide powder, die bars being arranged 
symmetrically about the shaft 17 in two layers 
of six bars. The impeller 16 is driven by an 80 
electric motor 19 through a gear box 20. Power 
for the electric motor 19 is supplied by means 
of a cable 35. In operation the speed of rota- 
tion of the impeller 16 is about 120 rpm, the 
distance between the diametrically opposite 85 
tips of each pair of bars is 1.626 m and the 
peripheral speed is therefore about 102 
metres per second. The sieve 12 is at a dis- 
tance of 115 mm from the tips of the bars. 

Feed slurry is fed to the grinding chamber 90 
1 through a chute 21. The slurry is pumped 
from a sump (not shown) through a conduit 
22 to a tank 23 which is divided by a partition 
24 into two compartments 25 and 26. A valve 
27 controls the volume rate of flow of die 95 
slurry which is fed initially into compartment 
25, any surplus flowing over the partition 24 
into compartment 26 and thence through a 
conduit 28 back to the sump. The slurry flows 
from compartment 25 to the chute 21 through 100 
a conduit 29, the flow rate being controllable 
by a valve 30. This arrangement ensures that 
the slurry is always fed under a constant 
hydrostatic head so that the volume flow rate is 
substantially constant Water can be supplied 105 
to the grinding chamber 1 by a conduit 39 
closed by a valve 40. 

The control means for controlling the flow 
of ground product slurry are shown in detail 
in Figures 7 and 8. Briefly, a small electric HO 
current directly proportional to the electric 
current flowing in the cable 35 is generated 
by a current transformer 36. The small cur- 
rent generated by the transformer 36 is fed to 
an electronic two-step controller 37 with over- 

115 

lap which gives a first signal when the small 
current rises to a predetermined upper limit 
and a second signal when the small current 
falls below a predetermined lower limit. The 
first and second signals are fed to an electro- 120 
pneumatic valve actuator unit 38 which con- 
verts the electric signals into pneumatic pulses 
which cause the valve 34 to dose during the 
supply of the first signal and to open during 
the supply of the second signal. In more 125 
detail, die current transformer 36 which is 
linked to a line carrying one of the phases of 
the three-phase supply carried by die cable 35 
to the motor 19 converts the current drawn 
by the motor, which is generally in the range 130 
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0 — 400 amps, to a current in the range 0 to 
5 amps. The secondary winding of the current 
transformer 36 is connected via a 0 — 5A. 
ammeter 41 to a current transducer 42, which 
5 converts the current of 0 to S amps A*C to 
a current of 0 to 1 mA. D.C In the current 
transducer 42 die 0 to 5 amps A.C is shown 
connected at 43 and fed to the primary wind- 
ing 44 of a current transformer 45. The A.C 

10 flowing in the secondary winding 46 of the 
transformer 45 is rectified by means of a rec- 
tifier bridge 47 and the current of 0 to 1 mA. 
D.C is taken off at 48. The 0 to 1 mA. D.C 
signal is transmitted by a cable 49, which may 

15 be up to about 1 KM. in length, to the two- 
step controller 37 via a 0 — 1 mA mflUammeter 
50 which is provided with a network of resis- 
tors 51 by which the meter can be calibrated 
to read directly the current in amps which is 

20 being drawn by the electric rnotor 19. The 
two-step controller 37 operates a reed relay 
whose contacts 52 open when the measured 
current exceeds a predetermined upper limit 
and close again when the measured current 

25 falls below a predetermined lower limit. A 
potentiometer 53 is provided in the circuit of 
the two-step controller 37 to enable the upper 
limit to be adjusted and a potentiometer 54 
enables the differential betwen die upper and 

30 lower limits to be adjusted. A 110 volt A.C 
power supply is connected at 55* The reed 
relay contacts 52 are connected to the solenoid 
56 of the electro-pneumatic valve actuator 
unit 38. 

35 Compressed air is supplied to the electro- 
pneumatic valve actuator unit 38 at a pressure 
in the range of 50 to ,100 pounds per square 
inch (p-bx (3-5— 7.0x10" Nnr») through 
a conduit 57 via a filter 58 and a regulator 

40 59. The pressure at which the air is supplied 
to the valve actuator unit is indicated by a 
0 to 30 p-si, (0—2,0 x 10* Nmr a ) pressure 
gauge 60. When the reed relay contacts 52 
open, the solenoid 56 is de-energized and the 

45 valve core of die actuator unit 38 is returned 
by a spring 61 to the position which connects 
the pneumatically-operated on/off valve 34 to 
atmosphere through a conduit 62. The valve 
34 is then closed by means of a spring 63> thus 

50 stopping the flow of ground product slurry in 
the conduit 31. 

When die valve 34 is closed no ground pro- 
duct slurry can leave the grinding chamber 1 
and the quantity of slurry in the grinding 

55 chamber increases, thus reducing the volume 
ratio of granular grinding medium to slurry in 
the grinding chamber, and as a consequence 
the magnitude of the current drawn by the 
motor 19 Ms. When the current drawn by the 

60 motor 19 falls to the predetermined lower 
limit the reed relay contacts 52 close, thus 
energizing the solenoid 56 and moving die 
core of the actuator unit 38 so that the valve 
34 is connected to the compressed air supply. 

65 The compressed air supply opens the vahre 34 



thus restarting the flow of ground product 
slurry in die conduit 31. 

The two-step controller 37 is shown in 
moredetail in Figure 8. A 110 volt A.C power 
supply is connected by terminals 55 to the 70 
primary winding of a transformer 64 whose 
secondary winding feeds a stabilized power 
supply which gives reference voltages of 
+ 12 volts, 0 volts and -6 volts. Bach non- 
zero reference voltage is stabilized by a ca&- 75 
cade of two Zener diodes, Zl and 72 being 
used to stabilize the + 12 volt potential and 
Z3 and Z4 the - 6 volt potential. 

The measured current is connected via ter- 
minals 65 to a current routing diode b ridg e 80 
which reverses the polarity if necessary. Tne 
Zener diode Z5 is provided to eliminate any 
surges due to starting of the electric motor 
or to faults. A voltage proportional to the 
measured current is developed across a resis- 85 
tance network R8, R9 and VR1, the preset 
potentiometer VR1 being provided as a sen- 
sitivity control. The measured voltage on the 
slider of VR1 is compared by the integrated 
circuit voltage comparator 66 with an in- 90 
temally derived upper limit voltage from 
potentiometer 53. 

When the numerical value of the measured 
voltage is less than the numerical value of the 
upper limit voltage, but rising, the transistor 95 
TR1 is conducting, the reed relay coil RC1 
is energized and the reed relay contacts 52 are 
closed. A small negative potential is applied 
to the base of the transistor TR2 which is 
therefore non-conducting. A potential dif- 100 
fcrence of 6 volts is therefore applied across 
a resistance R10, the upper limit potentiometer 
53 and pre-set variable resistor VR2. The 
potential difference across the potentiometer 
53 is therefore about 1 volt. The potentiometer 105 
53 is calibrated to provide upper limit vol- 
tages which represent currents in the range 
10% to 120% of the normal full load rating 
of the motor current transformer 36. 

When the numerical value of the measured 110 
voltage rises to that of the upper limit voltage, 
the transistor TR1 becomes non-conducting, 
the reed relay coil RC1 becomes de-energized 
and the reed relay contacts 52 open, thus clos- 
ing the pneumatic valve 34 and causing the 115 
level in the grinding vessel 1 to rise and the 
current drawn by die electric motor to falL 
At the same time the transistor TR2 becomes 
conducting sine* its base is now at a positive 
potential. Current now flows through a resis- 120 
tance Rll and the potentiometer 54, and the 
potential difference across die upper limi t 
potentiometer 53 is reduced by an amount 
dependent upon the setting of the potentio- 
meter 54 thus generating a lower limit. The 125 
potentiometer 54 is provided with a dial 
calibrated to show differentials between the 
upper and lower limits in the range 5% to 
50% of the upper limit voltage. 

When the current drawn by motor 19 falls 130 



6 



M69,028 



6 



to the level where the numerical value of the 
measured voltage is equal to that of the lower 
limit the transistor TR1 becomes conducting, 
the transistor TR2 non-conducting, the reed 

5 relay contacts 52 dose, the pneumatic valve 
34 opens and the cycle begins again. 

In one operation, a granular grinding 
medium in the form of 2f tons of Leightxm 
Buzzard silica sand consisting of particles 

10 having sizes in the range 05 to 1.0 mm was 
charged to the grinding chamber 1 through 
the chute 21, and, with the valve 33 fully 
closed, a feed slurry was charged to the grind- 
ing chamber 1 through the valve 30 until the 

15 volume ratio of granular grinding medium to 
feed slurry was 1:1. Rotation of the impeller 
was then started and the valve 33 was opened 
until the output how of ground product slurry 
was approximately twice the input flow of feed 

20 slurry, the valve 34 being open. As a result 
the volume ratio of granular grinding medium 
to slurry slowly rose causing the mixture in 
the grinding chamber 1 to become more vis- 
cous and the electric current drawn by the 

25 motor 19 to increase. When the current rose to 
170 amps the corresponding rise in the small 
current generated by current transformer 36 
operated the two-step controller 57 and 
caused the valve 34 to close and discharge of 

30 product slurry to stop. As a result, the volume 
ratio of granular grinding medium to slurry fell 
again. With valve 34 closed there was no 
flow through the sieve 12 and therefore no 
force holding sand particles against the sieve. 

35 The sieve was tierefore cleaned by the washing 
action of the tips of the impeller bars agitating 



the slurry dose to the sieve. The valve 34 re- 
opened when the electric current drawn by 
the motor 19 fell to 130 amps. The difference 
between the flow rates through valves 33 and 40 
30 was such that each cycle lasted 5 minutes. 
During the rime for which valve 34 was open 
there was a tendency for the flow rate of pro- 
duct through this valve to decrease as sand 
built up on the sieve; this was taken into con- 45 
^deration when valves 30 and 33 were set 

In order to equalize wear on the surfaces of 
the impeller bars 18, the direction of rotation 
of the impeller was reversed from time to 
time, the baffles 8 being symmetrically dis- 50 
posed so that their effect is the same for both 
directions of rotation of the impeller. 

The invention is illustrated further by the 
following Examples. 



EXAMPLE L 55 
The apparatus and method described above 
were used to comminute a batch of natural 
chalk. The chalk was mixed with water con- 
taining 0.1% by weight, based on the weight 
of dry chalk, of a sodium polyacrylate dispers- 50 
ing agent to form a fully deflocculated sus- 
pension rrm taming 70% by weight of solids. 
The suspension was passed continuously 
through the apparatus described above with 
reference to the accompanying drawings for a 65 
total of 400 hours and the change m particle 
size distribution and reflectance to visible 
light was measured by taking samples at four- 
hourly intervals. Table 2 below gives the mean 
values of all the samples taken during the run. 70 



TABLE 2 





Feed 
slurry 


Product 
slurry 


% by wU smaller than 2 jan 


30 


82 


% by wt. larger than 10 


24 


2 


% reflectance to light of 457 nm 
wavelength 


83.9 


88.6 


% reflectance to light bf 574 nm 
wavelength 


89.3 


92.1 


Energy dissipated in suspension 
(Joules per kg. of dry chalk) 




3.28 x 10 s 



EXAMPLE 2. 
A deflocculated aqueous suspension was pre- 
pared by mixing marble which had been 
75 ground until all the particles passed through a 
No. 16 mesh British Standard sieve (nominal 
aperture 1.0 mm), with water containing 
0.3% by weight of a sodium polyacrylate dis- 



persing agent based on the weight of dry 
marble, the amount of water being such that 80 
the proportion by weight of dry marble was 
70%. The grinding medium consisted of 
marble chips having sizes ranging from }" to 
|" and the mixture was agitated in apparatus 
as described above, the aperture size of the 85 
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sieve 12 being The ratio of the volume of 
particles larger than 3.2 mm to the volume of 
the aqueous suspension of parades smaller 
than 32 mm was maintained within the range 
of 0.5:1 to 1.5:1. As grinding preceded some 
of the marble chips were abraded and broken 
until their size was smaller than 32 mm and it 
was necessary to add marble chips of size 
approximately \ n via the chute 21 at a rate 



such as to just compensate for die loss of the 10 
coarser particles by the grinding action. The 
suspension of finer particles was passed con- 
tinuously through the same apparatus for a 
total of 120 hours and the change in particle 
size distribution was measured by taking IS 
samples at four-hourly intervals. Table 3 below 
gives the mean values of all the samples taken 
during the run. 



TABLE 3 





Feed 
slurry 


Product 
slurry 


% by wt. smaller than 2 jnn 


1 


28 


% by wt. larger than 10 ftm 


97 


48 


% by wt. larger than 53 pxa 


85 


1.6 


Energy dissipated in suspension 
(joules per kg. of dry marble 
smaller than 1 mm.) 




1.72 y 10 s 



20 EXAMPLE 3, 

A deflocculated aqueous suspension was pre- 
pared by mixing marble which had been 
ground in a ball mill until all the particles 
passed through a No. 300 mesh British Sran- 

25 da rd sieve (nominal aperture 53 ^m) with 
water containing 03% by weight of a sodium 
polyacrylate dispersing agent based on the 
weight of dry marble, the amount of water 
being such that the proportion by weight of 

30 dry marble was 70%. The grinding medium 
consisted of marble granules having sizes rang- 
ing from 0.5 to 1.0 mm and the mixture was 
agitated in apparatus as described above, the 
aperture size of the sieve being 025 mm. The 

35 ratio of the volume of particles larger than 
025 mm to the volume of the aqueous sus- 



pension of particles smaller than 025 mm was 
maintained within the range of 0.5:1 to 1.5:1. 
As grinding proceeded some of the marble 
granules were ground down until their size 
was smaller than 025 mm and marble granules 
of size approximately 1 mm were added via 
the chute 21 at a rate such as to just compen- 
sate for the loss of the coarser particles. The 
suspension of finer particles was passed con- 
tinuously through the same apparatus for a 
total of 120 hours and the change in particle 
size distribution was measured by taking 
samples at four-hourly intervals and s 
ing each sample through a No. 300 
British Standard sieve (nominal aperture 53 
fan). Table 4 below gives the mean values of 
all the samples taken during the run* 



40 



45 



mesh 50 



TABLE 4 





Feed 
slurry 


Product 
slurry 


% by wt. smaller than 2jim 


21 


66 


% by wt. larger than 10 ftm 


40 


11 


Energy dissipated in suspension 
(joules per kg. of dry marble 
smaller than 53 jim) 




7.95 * 10 s 



8 



1,469,028 



8 



WHAT WE CLAIM IS: — 

1. An apparatus for use in comminuting 
particulate solids which apparatus comprises 
(aj an attrition-grinding mill including a 

5 grinding chamber provided with an internal, 
rotatahle impeller for agitating the contents of 
the grinding chamber, inlet means enabling a 
feed slurry of a particulate solid to be com* 
minuted to be introduced into the grinding 

10 chamber, an outlet means including a sieve 
for allowing therethrough ground product 
slurry whilst retaining the granular grinding 
medium within the grinding chamber, the sieve 
being disposed at a position such that, when 

15 the apparatus is in use, the sieve is below the 
surface of a mixture of granular grinding 
medium and slurry in die grinding chamber, 
(b) first control means associated with the in- 
let means and/or with the outlet means of the 

20 attrition-grinding mill for controlling the rela- 
tive volume flow rates of said fed slurry and 
said ground product slurry, and (c) ss^and 
control means associated with the outlet means 
of said attrition-grinding mill and responsive to 

25 changes in the volume ratio of granular grind- 
ing medium to slurry in the grinding chamber 
for stopping or starting die flow of ground 
product slurry through said outlet means, 

2. An apparatus as claimed in claim 1, 
30 wherein the irmer walls of the grinding cham- 
ber and those surfaces of the impeller which, 
in use, contact the contents of the grinding 
chamber are coated with a resilient material. 

3. An apparatus as rlafaifri in claim 2, 
35 wherein said resilient material is a natural or 

synthetic elastomer. 

4. An apparatus as claimed in claim 1, 2 
or 3, wherein said impeller comprises a shaft 
whose axis is substantially parallel to the axis 

40 of the grinding chamber and to which there 
are secured at the end thereof, so as to extend 
radially outwardly from said shaft, a plurality 
of bars. 

5. An apparatus as claimed in claim 4, 
45 wherein the sieve is disposed opposite the bars 

of the impeller and wherein the distance 
between the tips of the impeller bars and the 
sieve is in the range of from 40 to 400 mm. 

6. An apparatus as claimed in claim 4 or 
50 5, wherein the impeller is connected to a motor 

capable of rotating die shaft of the impeller at 
a speed such that the peripheral speed of said 
bars is in die range 4 to 20 metres per second. 

7. An apparatus as claimed in any one of 
55 claims 1 to 6, wherein said grinding chamber 

includes a plurality of baffles disposed so as to 
inhibit the formation of a vortex. 

8. An apparatus as claimed in any one of 
claims 1 to 7, wherein the inlet means is con- 

60 structed so that the feed slurry can be supplied 
through a valve from a tank in which there can 
be maintained a constant hydrostatic head of 
feed slurry. 

9. An apparatus as claimed in any one of 
65 claims 1 to 8, wherein said first control means 



take the form of valves provided in con- 
duits communicating with the inlet and/or 
outlet means. 

10. An apparatus as daimed in any one of 
claims 1 to 9, wherein said second control 70 
means comprises an on/off valve associated 
with the outlet means, sensing means for sens- 
ing a change in the ratio of die volume of 
granular grinding mf^ |,|1Tn and the volume of 

the slurry in the grinding chamber and for 75 
producing a signal which is a function of said 
change, and actuating means responsive to said 
signal tor operating said on/off valve. 

11. An apparatus as claimed in claim 10, 
wherein said sensing means includes means for 80 
sensing a change in the load on said impeller 
when said apparatus is in operation for pro- 
ducing a first signal when the load on the im- 
peller reaches a predetermined upper limit, 
said first signal being effective to dose said 85 
on/off valve, and for producing a second sig- 
nal when the load on the impeller falls to a 
predetermined lower limit, said second signal 
being effective to open said on/off valve. 

12. An apparatus as daimed in claim 11, 90 
wherein die impeller is connected to electric 
drive means, by which it is driven, and wherein 

the sensing means senses the power consumed 
by said electric drive means. 

13. An apparatus as daimed in claim 12, 95 
wherein said sensing means senses the current 
drawn by the dectnc drive means. 

14. A process for comminuting solid par- 
tides which process comprises the steps of (a) 
charging to a grinding chamber of an attrition- 100 
grinding mill a quantity of a granular grind* 

ing medium and a quantity of a feed slurry of 
a particulate solid to be comminuted to form 
a mixture, die quantities of granular grinding 
medium and feed slurry being such that the 105 
volume ratio of granular, grinding medium to 
slurry in the grinding chamber is in the range 
0.5:1 to 1.5:1, (b) agitating die mixture of 
teed slurry and granular grinding medium, 

(c) admitting further quantities of feed slurry 110 
to the grinding chamber whilst withdrawing 
ground product slurry from the grinding 
chamber through a sieve provided therein 
below die surface of said mixture, the relative 
volume flow rates of feed slurry and ground 115 
product slurry being controlled so that the 
volume ratio of granular grinding medium to 
slurry in the grinding chamber increases, and 

(d) interrupting the withdrawal of ground 
product slurry from die grinding chamber 120 
when said volume ratio exceeds a first pre- 
determined value and restarting the with- 
drawal of ground product slurry when said 
volume ratio has fallen to a second predeter- 
mined value. 125 

15. A process according to claim 14, where- 
in the granular grinding medium consists of 
partides ranging in size from 0.15 mm to 
20.0 mm. 

16. A process according to claim 14 or 15, 130 
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wherein the granular grinding medium con- 
sists of a silica sand. 

17. A process according to claim 14, 15 
or 16, wherein the ratio of granular grinding 

5 medium to feed slurry in step (a) is such that 
the ratio of die volumes thereof is in the range 
0.9:1 to 1.1:1. 

18. A process according to any one of 
claims 14 to 17, wherein the particulate solid 

10 to be comminuted consists predominantly of 
particles smttlW than 53 microns. 

19. A process according to any one of 
claim 14 to 18, wherein the solid panicles to 
be comminut ed consist of a mineral. 

15 20. A process according to claim 19, where- 
in said mineral is a day mineral or a calcium 
carbonate mineral. 

21. An apparatus for use in the comminu- 
tion of particulate solids, substantially as here- 

20 inbefore described with reference to, and as 



shown in, the accompanying drawings. 

22. A process for comminuting a particu- 
late solid as claimed in claim 14 and substan- 
tially as hereinbefore described with reference 

to die accompanying drawings. 25 

23. A process for ramminuting a particu- 
late solid as claimed in claim 14 and substan- 
tially as described in any one of the fore- 
going Examples. 
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